I 


CONFIDENTIAL 

11,  my 


•  ‘  ;  .  .  KKL  REPORT  NO.  S-2179 

Z-Zn°l  FILE  COPY 

navy  DEPARTisEN’T  Plsase  c_ov  not  remo' 


Report' on 


from  room 


2-7- J 


HYDROPHONE  CALIBRATION  BY  EXPLOSION  WAVES 


'  vKAVAL  RESEARCH  LABORATORY. 
X  .  ANACOSTI A  STATION 
V  WASHINGTON,  D.  C. 


Authorization ; 


Hvonbdr  of  Pages  * 

.• 

Reported  by:/, 

V/..T 

>*  '  U.i ^  -  .  -<r 

■  ■*/**  tv-  _  f 


BuShif  s  (938)  conf.  ltr.  of  9-17-43  to  URL,  assigning  '  ; 
problem  S306R-C 


Text  9 


Plates  8 


J.L#  Carter ,  .Contract  Employee  -•  ' ' ; 

■  x+SKi- ...  *>„■  -.k 


.  x. '  v  ’ 


Reviewed  by* 


2n^7Qi  I ■ ..  .  Ell  A 

Osborne ,  C ontrac t -Employee •  •• " 

’j^v1  '  •  •  *-  -  .  .  .  ,"  ;  ■?  '  '-i  ' 

.  -  ?  ^  '  '  v!"  <-  .?  V'r/'A 


— 'kstfgi 


-•  1 

-i’yUJf ^ '  v  -v 


Dr*  ti  Jt#Hayes  yliaad  Physicist 
Superintendent,- Sound  Division 


Approved  by; 


A.H.  Van  Keuren,  Rear  Admir^^Q^ggj^BBfec 

CLASSWICATI011  CHANG^P  * 

by  AiffiKKlQ'  0F 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

19  APR  1944  2.  REPORT  TYPE 

3.  DATES  COVERED 

00-00-1944  to  00-00-1944 

4.  TITLE  AND  SUBTITLE 

Report  on  Hydrophone  Calibration  by  Explosion  Waves 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Naval  Research  Laboratory ,4555  Overlook  Avenue 

SW, Washington, DC, 20375-5320 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

18.  NUMBER  19a.  NAME  OF 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE 

unclassified  unclassified  unclassified 

21 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


ABSTRACT 


Trie  use  of  explosion  waves  in  the  relative  calibration  of  a  hydrophone 
offers  a  new  method  of  approach  to  the  problems  of  rosponse  measure¬ 
ment*  Application  of  this  method  to  two  standard  hydrophones  in  the 
frequency  range  5“100  kc  gives  a  relative  calibration  which  agrees  with 
the  relative  calibration  obtained  by  conventional  continuous  wave 
methods  o  " . 

The  method  may  be  applied  to  the  calibration  of  projectors  and  other 
linear  underwater  sound  transducers  0  t.ore  rapid  analysis  of  the  data 
is  possible  through  the  use  of  appropriate  mechanical  or  electrical 
harmonic  analyzers „  Restriction  to  the  use  of  explosion  waves  is  not 
necessary  as  the  method  is  applicable  -with  any  transient* 


Th3  method  also  gives  information  concerning  the  explosion  wave,  if 
the  absolute  calibration  of  the  hydrophone  is  known. 
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I.  INTRODUCTION 

The  us s  of  transients  to  calibrate  hydrophones  is  based  on 
the  mathematical  theorem  that  the  response  of  a  linear  system  to  any 
transient  determines  completely  its  response  to  any  other  transient 
as  well  as  its  steady  state  or  continuous  wave  response..  In  this  re® 
port  this  principle  is  used  to  obtain  the  relative  calibration  curve 
of  two  standard  tou, rir.fi line  hydrophones,  the  results  being  compared 
with  those  obtained  by  the  conventional  C'f{  method „  The  explosion  wave  . 
from  a  blasting  cap  wes  used  as  a  convenient  transient  since  it  is 
strong,  consistent,  aid  free  of  electromagnetic  disturbances, 

‘  20  The  method  can  not  yet  bo  claimed  to  be  as  rapid  as  the  CW 

comparison  method  unless  mechanical  or  electronic  harmonic  analysers 
are  uscds  however,  oscillograms  of  the  responses  of  hydrophones  struck 
by  explosion  waves  show  many  of  their  characteristics  qualitatively , 
just  as  the  responses'  of  electrical  networks  to  square  waves  or  Heavi¬ 
side  pulses  -  with  wh  oh  the  explosion,  wave  has  much  in  common  -  dis« 
close  circuit  qualiti js  (Bibliog.  1).  In  this  sense  the  explosion 
wave  can  be  considered  a  tool  of  analysis,  as  is  an  electrical  square- 
waves  The  method  outlined  in  this  report  can  be  extended  to  projectors 
or  to  any  electromech inical  system  which  is  linear.  CCt^J 

II.  .  THEORY  .  •  '  .  ■  v' 


3.  The  response  of  «  linear  system  to  any  type  of  wave  car  be 
determined  from  Duhamol’s  integral  if  its  response  to  a  Heaviside  unit 
function,  or  its  indicial  admittance,  is  known.  Bedford  and  Freden- 
hall  (Bibliog  2.)  give  e  method  for  determining,  by  a  graphical  evalua¬ 
tion  of  this  integral,  ths  steady  state  sensitivity  and  phase  shift  of 
a  given  system  from  its  observed  respdnse  to  a  square  wave.  This 
graphical  procedure  suggests  the  following  method  for  determining  the 
relative  sensitivity  ar.d  phase  vs  frequency  curves  of  two  systems,  Sj. 
end  S2,  by  observing  their  respective  responses  to  an  arbitrary  and 
unknown  transient. 

4.  Assume  that  en  additional  structure  B  having  the  property 
of  transforming  an  incident  unit  function  into  an  arbitrary  transient 
immediately  precedes  each,  system  S (Sketch  l).  The  response  and  phase 
of  each  such  combination,  B  t  or  B  t  Sg,  to  an  incident  square  wave. 


Combination  1 


to  oscil  lo graph 


Combination  2 


S  )^°  osciH°Srsph 


Sketch  1 
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as  determined  by  the  method  of  Bedford  and  'Fredenh&ll,  'may  be  plotted 
as  a  carve  in  the  complex  plane,  the  frequency . appearing  as  a  para¬ 
meter  c.  Any  one  point  on  such  a  curve  will  be  tho  product  of  two  fac¬ 
tors,  B(y)  x  Si(y)  or  B(V)  x  S^(y)»  where  B(V),  Sj(v>)  ana  are 

functions  of  the  frequency  and  represent  the  effect  on  sensitivity  and 
phase  that  the  additional  structure  and  each  system  Respectively  have 
on  an  incident  sinusoid  of  frequency  >‘0  Hence  a' point  by  point  ratio 
of  the  curves  for  the  two  combinations  will  give  a  curve  representing 
the  relative  response  and  phase  difference  of  the  two  systems,  since 
the  effect  of  the  additional  structure  cancels,,  One  can  thus  dispense 
with -the  artifice  of  the  additional  structure  B  and  merely  specify  that 
the  same  transient  be  incident  on  both  systems, 

5c  The  mathematical  expression  for  Duhamel’s  integral  yielding 
the  response  to  a  sinusoid  may  be  -written  in  the  form  • 


^  a, 

when  A/q\~  Co  Ilero  is  the  response  to  the  sinusoid  of  frequency 

the  time  X,  and  A(^l  is  the  ittdicial  admittance <,  In  the  | 

present  case,  A(\)  ie  the  oscillogrem  of  the  response  of  the  hydrophone  ' 
to  the  explosion  wave.  Only  the  absolute  magnitudes  and  phase  dif¬ 
ferences  of  tho  two  systems  are  of  interest  here  and  tho  factor 
can  be  eliminated . 


6,  The  method  of  Bedford  and  Frsdenhs.il  is  to  carry  out  this 
integral  graphically  by  vectorial  addi  tion  of  the  A  A* s  at  intervals 
At,  the  angle  between  successive  A  A”s  being  360°  x  pAt.  Theoreti¬ 
cally  the  integration  should  be  carried  out  to  infinity,  or  until  the 
te  i’l  of  the  curve  returns  permanently  to  the  t  axis,  if  one  wishes  to 
obtain  from  equation  (?. )  the  steady  state  response.  From  a  practical 
viewpoint  this  condition  may  be  difficult  to  fulfill,  and  sufficient 
accuracy  can  be  obtained  by  integrating  until  the  tail  approaches  a 
constant  value  near  zero.,  .  In  practice',  also,  T  must  be  less  than  the 
duration  of  the  sweep.  If  the  oscillogram  has  not  ’’settled  down"  by 
the  end  of  the  sweep,  then  equation  (2)  obviously  can  not  give  a  good 
estimate  of  the  steady  state  response  in  such  a  short  interval. 


C0KFIDHNT1  Al,  , 
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Integration  oi'  equation  (2)  by  parte  gives 


-ti«T  -  f  i  . 
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If  A(r)  =  0,  an  equation  of  tho  seme  -fraa-as  (3)  is  obtained*  with  the 
ordinates  themselves  replacing  the  difference  in  ordinates.  If  Ait)/  0, 
a  corrective  term  is  necessary  if  one  is  tp  obtain  the  same  result  as 
with  equation  (2).  In  most  of  the  mechanical  or  electronic  methods  of 
harmonic  analysis  (Bibliog,  S),  an  integral  of  the  form  appearing  in 
equation  (3)  is  evaluated*  ■  '  . 


APPARATUS 


80  The  two  hydrophones  which  were  c chared  were  the  NR1.  standard 
tourmaline  hydrophones  0I.-A-2  and  CL=-A'"3 »  ^Absolute  calibrations  of  'H- 
botn  liydrophcr.es  .from  5  to  100  kc t  based  on  a  weighted  absolute  calibra^*. 
tion  of  the  standard  OL-A-4  (Qibi^ogr-*-  and  5),  are  shewn  in  Plate  10  \ 

The  weighted  calibration  of  OL-A-4  is  obtained  from  data  taken  at  the 
Naval  Research  Laboratory  and  at  $ha  Mountain  Lakes  statiorref  the  1 

Underwater  -Sound  its  for  ©nee  ■  Laboratories ,  and  ia  considered  Accurate  on  •’  ! 
the  average  within  +  2/3  db,  with  any  point  within  +  1,5  db.  In  addi¬ 
tion  to  the  comparison  obtained  from  the  above  absolute  calibrations,  a  / 
direct  CIT  comparison  of  the  two  hydrophones  was  made  as  an  additional  y7 
chock  during  the  course  of  this  investigation.  c-u.^7  (thyv  '  t 

9.  A  DuMont  Type  172A  experimental  model  single-sweep  cathode** 
ray  oscillographic  assembly  was  employed  to  record  tha  transient  voltage 
response  of  the  hydrophone  to  the  explosion  wave.  The  time  scale  on 
the  oscillograms  was  obtained  by  modulating  the  spot  intensity  with  a 
voltage  of  known  frequency.  (See  Plato  5).  The  voltage  scale  was  ob¬ 
tained  from  frequent  calibration  photographs  of  e  sinusoid  of  known 
amplitude  from  a  standard  signal  generator. 

10.  A  Dupont  $9  electric  blasting  cap  was  used  for  tho  explosion 
source.  The  sweep  circuit  of  the  oscillograph  was  triggered  by  the 
impulse  from  a  hydrophone  consisting  of  &  single  Rochelle  salt  crystal 
mounted  a  few  inches  above  and  in  front  of  the  hydrophone  to  be  calibrated. 
This  distance  corresponds  ‘to"  the  initial  straight  pert  of  the  oscillo¬ 
grams  (Plates  5,  6)  or  the  delay  between  the  triggering  of  the  sweep 
circuit  and  the  arrival  of  the  explosion  wave  at  the  hydrophone. 

11.  A  mechanical  harmonic  analyser  .(Bibliog.  6)  was  employed  as 
one  means  of  analysing  the  oscillograms.  Its  distinguishing  character¬ 
istic  is  its  ability  to  analyse  a  curve  of  arbitrary  base  length. 
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IV.  TBCHKIQUB  OF  OESi-RVATIOll  AKD  fclKASURKliblv IS  .  \ 

12.  The  hydrophone  to  bo  calibrated  was  counted  on  the  end  of  a 
length  of  standard  2|:  pipe  and  was  located  approximately  midway  between 
bottom  and  surface  in  water  the  depth  of  which  varied,  from  17  to  20 
feot  with  the  tide.  The  blasting  cap  was  -located  16  feet  from  the  hy¬ 
drophone.  At  this  distance  the  echoes  from  bottom  and  surface  did  not. 
arrive  until  at  least  one  millisecond  had  elapsed  after  the  arrival  of 
the  direct  wave. 

13c  Two  series  of  oscillograms  were  made  for  each  hydrophone, 
each  series  consisting  of  two  groups  of  three  oscillograms  each,  two 
modulated  and  one  unmodulated.  One  group  was  made  using  a  sweep  of 
approximately  200  peso  duration  and  the  other  using  a  sweep  of  either 
400  or  1000  pcec  duration.  The  1000  Msec  sweep  was  used  in  one 
series  of  oscillograms  (OL-A—2 )  while  the  400  //sec  sweep  was  used  in 
the  remaining  series  of  oscillograms. 

14.  A  modulation  frequency  of  200  kc,  producing  points  at  5  //see 
intervals,  was  used  on.  the  200  and  400  //sec  sweeps,  and.  a  modulation 
frequency  of  50  kc  giving  20  //.see  intervals  was  used  on  the  1000  yj.sec 
sweep.  As  a  further  aid  to  measurement  a  time  (x)  axis  was  applied  to 
each  oscillogram  before  the  camera  shutter  was  closed.  Amplitude 
calibration  oscillograms  were  taken  following  each  explosion. 

15.  The  effect  of  orientation  of  the  hydrophone  relative  to  the 
direction  of  the  explosion  was  investigated  for  angles  up  to  4.  30°, 
Typical  oscillograms  are  shown  in  Plats  8« 

•  -  ■ ;V. /  \  *'•;  ./  '  V  J"'-  V  ■;  •'  '  -  / 

16.  The  oscillograms  to  bo  analyzed  were  projected  upon  the  screen 
of  a  Recordax  microfilm  reader  and  traced  upon  thin  paper  from  which 
the  measurements  were  made.  The  start  of  the  shock  wave  was  located 

,in  the  time  coordinate  by  measuring  back  from  a  well  established  modula¬ 
tion  point  on  the  oscillogram.  Measurements  of  the  ordinates  in  the  case 
of  the  200  //sec  sweep  were  made  every  //sec  through  approximately  the 
first  40  //.sec,  wherein. the  most  rapid  fluctuations  in  amplitude  oc¬ 

curred.  Thereafter  the  ordinates  were  measured  at  5  //see  intervals 
and  also  at  any  maxima  or  minima.  In  the  cases  of  tho  400  .  /./sec  or 
1000  /.(sec  sweeps,  measurements  were  made  at  5  or  20 //sec  intervals, 
respectively,  after  the  passage  of  the  main  peak.  In  the  region  of 
the  peak,  amplitude  changes  occurred  too  rapidly  with  these  sweeps  for 
accurate  measurements  to  be  made. 

17.  The  observed  measurements  Y'ers  corrected  tc  fold-screen  posi¬ 
tion  by  application  of  experimentally  determined  correction  factors <> 

These  corrections  were  found  by  applying  calibrating  sinusoidal  voltages 
to  the  oscillograph  and  measuring  the  resultant  deflection  amplitudes 

at  the  various  positions  on  the  screen.  It  should  be  remarked  that 
these  corrections  should  always  be  determined  experimentally,  since 
they  are  asymmetric  in  x,  and  in  addition  are  in  a  diiection  oppos  e 
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to  that  to  be  expected  ok  the  basis  of  a  spherical  screen®  Measurements 
from  one  oscillogram  of  200  pzei  sweep  anti  from  one  of  400  or  1000  micro¬ 
sec  sweep  were  combined  into  one  curve  to  be  analysed,  the  shorter  sweep 
furnishing  the  details  of  tbs  peak  region,  and  the  longer  showing  the 
behavior  in  the  tail  of  the  curve.  Two  such  curves,  one  from,  each  series 
of  oscillograms,  were  obtained  for  each  hydrophone.  Thus  two  independent 
relative  calibrations  wore  available® 


C3 


18.  Three  mothods  were  used  in  analysing  the  curve j  a)  graphical, 
b)  numerical,  and  c)  mechanical. 

a)  Or  up  hi  ca  1  «*  Differences  in  the  ordinates  were' determined  from 

the  curve  for  dvery  ^sec  through  the  first  20C  yu.sec®  For 
a  given  frequency  y ,  at  which  the.  response  was  to  bo  found, 
those  differences  were  added  vector icily  according  to  the 
method  of  Kedford  and  Frcdenhs.Uo  On©  /isoc  intervals  were 
usod  over  the  entire  region  graphed  at  frequencies  above'  50 
ke  and  over  the  first  40  /{see  at  frequencies  from  10  to  50 
kc®  Intervals  greater  than  1  jjsec  were  used  in  the  regions 
where  the  A A’s  were  small,  though  the  time  intervals  v/e re- 
kept  small  enough  so  that  the  angle  between  successive  vectors 
was  never  greater  than  36° •  For  ease  in  plotting,  values  of 
y  giving  angles  of  360°/n,  n  an  integer,  were  used® 


b)  Numerical  -  At  the  higher  frequencies  whore  there  were  20  or 
less  vector  additions  per  360°,  all  the  vectors  in  a  given 
direction  were  added  algebraically  and  the  resultant  of  the 
components  thus  obtained  was  determined  by  trigonometry®  This 
method  was  much  more  rapid  than  the  graphical  method  and  also 
eliminated  errors  due  to  graphing®  At  lower  frequencies , how¬ 
ever,  it  became  cumbersome  because  of  the  number  of  components 
involved® 


o)  Mechanical  -  A  harmonic  ^analyser  was  used  which  evaluates  an 
/"integral  of  the  form  JJ  JA  ,  the  integral  in 

equation  (3)  of  paragraph  7®  In  the  oscillograms  analysed, 
the  curve  had  not  returned  to  the  t  axis  at  the  time  T  to 
which  integration  was  carried,  and  the  correction  term 
A(T)  was  included.  As  a  check  and  to  reduce 

any  errors'  occurring  because  of  the  choice  of  the  direction 
of  tracing,  each  curve  was  traced  by  the  analyser  both  clock¬ 
wise  and  counter-clockwise  at  each  frequency*  Since  this 
type  of  analyzer  (6)  is  independent  of  the  baseline,  it  was 
possible  to  determine  the  response  at  frequencies  which  were 
non-integral  harmonics" of  the  "fundamental"  frequency  of  period 
T®  This  property  of  the  analyzer*  along  with  the  saving  in 
time,  made  this  method  superior  to, the  other  methods  employed. 


C0NF1DKKTIAL  -  5  - 


I 


it  iim  i  a  f  t  r  t  r 

u hulas 5.1  r  it 


V*  DISCUSS  I  oi¬ 

ls  o  The  comparison  calibration  of  the  t«ro  hydrophones  by  the 
transient  method  is  shown  in  Plate  2 *  Also  included  are  the  direct 
CW  comparison  calibration  and  the  comparison  obtained  from  the  absolute 
calibrations.  The  calibrations,  agree  very  wall  except  for  occasional 
points  *  The  agreement  between  the  transient  method  and  the  direct 
comparison  is  as  good  as  the  agreement  between  the  direct  comparison 
and  the  comparison  of  the  absolute  calibrations. 

20,  Oscillograms  of  both  0I.-A-2  and  QL“A**3  response  for  200  ,  /jsec 
and  400  /tsec  sweeps  are  shown  in  Plates  5  and  6*  The  ’resonances  which 
appear  as  irregularities  in  the  calibration  curves  of  the  hydrophones 
appear  as  oscillations,  in  the  oscillograms*-  The  period  of  the  most 
prominent  oscillations  in  th?  OL-A-2  oscillograms  is  approximately  8 

p,sec »  corresponding  to  a  frequency  of  125  kcr  above  the  range  of  the 
present  analysis*  The  most  prominent  oscillations  in  the  O.L-A-3  oscillo¬ 
grams  have  periods  between  13  and  16  u.jsto  c  corresponding  to  frequencies 
botwoen  60  and  77  kc*  This  is  the  region  of  violent  fluctuation  in 
the  OL-A-3  calibration  curve  (Plato  l).  There  is  also  a  very  long 
period  (approximately  600  jx? cc )  oscillation  in  the  OL-A—2  oscillogram,, 
visible  in  the  longer  sweep,  corresponding  to  a  frequency  of  about  1*6 
kc*  A  resonance  has  been  found  in  this  region  in  other  OL-A  type  hy¬ 
drophones  tested  at  the  lower  audio  frequencies.  Interference  phenomena 
or  beats  of  the  oscillations  will  be  noted  where  multiple  resonances 
are  prosen t*  Vy  y.;:;  v;:r  : 

21.  The  graphical  method  of  analysis  exhibited  characteristics  of 
the  analysis  which  were  not  apparent  from  the  other  methods*  Plate  7 
shows  a  typical  graphical  plot*  The  numbers  on  the  graph  indicate  the 
time  interval  in  p.sec  from  the  arrival  of  the  shock  front*  The  change 
of  sign  of  the  AA’s  at  each  maximum  or  minimum  results  in  the  formation 
of  cusps  in  the  graph.  A  criterion  on  how  far  the  integration  should 

be  carried  is  given  by  the  convergence  of  the  vectors  in  the  tail  of 
the  oscillogram*  Integration  over  200  /as ec  was  found  to  be  sufficient 
at  most  frequencies  end  200  utsec  therefore  was  chosen  as  the  standard 
time  for  use  in  this  investigation.  At  frequencies  of  pronounced  re¬ 
sonance  the  cusps  occurred  approximately  every  180°  of  rotation  and 
resulted  in  a  series  of  semicircular  segments  the  diameters  of  which 
were  additive  in  the  Same  direction*  Convergence  was  less  rapid  in 
these  cases  and  the  uncertainty  of  the  resulting  response  was  greater 
than  at  other  frequencies. 

22*  As  absolute  calibrations  for  both  hydrophones  were  known, 
the  absolute  pressure  of  the  explosion  Wave  was  calculated  from  the 
hydrophone  response.  The  "calibrations 11  of  the  explosion  wave,  ob¬ 
tained  from  each  hydrophone,  are  shown  in  Plates  3  and  4*  These 
curves  can  be  interpreted  in  two  ways*  Mathematically,  except  for  a 
constant  factor,  /  >  each  gives  the  absolute  magnitude  of  the 
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Fourier  transform  of  the  derivative  of  the  explosion  wave.  Cr  if  the 
blasting  cap  is  considered  as'  a  linear  projector  which  ‘.emits  the  actual 
explosion  wave  when  excited  by  a  unit  function,  then  each  curve  gives, 
as  a  function  of  frequency,  the  amplitude  of  the  CW  wavs  developed  at 
the  reference  point  by  the ' Kprojeetor"  when  excited  by  a  CW  voltage  of 
constant  amplitude 0  The  value  of  tho  pressure  approached  at  high  fre¬ 
quencies  by  this  curve  is  the  value  of  the  peak  pressure  in  the  explosion 
wave;  it  is  about  5.7  x  10s  dyriee/cm^  at  18  feet,  a  value  in  agreement 
with"  the  peak  pressure  measured  by  more  direct  methods. 

23.  Oh  the  assumption  that  the  explosion  wave  obeys  the  exponential 
lav/  of  decay  c " ^  ,  where  Tc  is  the  time  constant  of  the  exponential, 
the  pressure  should  be  falling  off  rapidly  below  a  frequency  i/  =  l/ZrrT^ 
The  theoretical  pressure  vs  frequency  curves  (the  pressure  at  high  fre¬ 
quencies  being  assumed  correct)  are  also  shewn  in  Plates  3  and  4  for 
different  values  of  Tc  near  the  correct  value  (  ,</.scc )  for  a  $■ 8  cap. 

It  is  seen  that  the  pressure  does  not  fall  off  at  tho  lower  frequencies 
as  the  theoretical  curves  v/ould  Indicate.  Actually  the  pressure  in  the 
tai 1  is  believed  to  follow  a  instead  of  an  exponential  law,  oo 

that  the  deviation  of  the  observations  from  the  values  predicted  by  the  | 
exponential  approximation  is  in  the  right  direction. 

24 l  The  oscillograms  of  Plate  8  show  that  the  effects  of  rotating 
he  hydrophone  relative  to  the  direction  to  the  explosion  are  a)  to 
round  /of f  the  main  peak  and  increase  the  tine  of  rise,  and  b)  to  smooth 
out  tme  oscillations  in  the  tail.  The  graphical  analysis  of  an  oscillo- 
gram  taken  at  an  angle  of  «~,15°  showed  the  expected  decrease  in  the  high 
frequency  sensitivity.  .  • 

25c  The  transient  method  of  comparison  also  gives  the  relative 
phase  shifts  of  the  hydrophones  j  and,  if  the  shape  of  the  explosion  wave 
is  known ,  the  absolute  phase  shift  with  frequency  can  be  determined,, 

The  accuracy  is  not  very  high,  rlO°,  but  this  additional  datum  is  men¬ 
tioned  since  relative?  phase  shift  is  not  easily  determined  by  CW  methods 

of  comparison.  n  .  i  f,  ft  (i  j  h.  , 

4  l«*v  j  erv^-  prCX-d/v  <T\  , 


VI. 


'mmmf  m>  coMmtitm 


26.  The  use  of  a  transient  in  the  relative  calibration  of  a  hy¬ 
drophone  is  feasible  and  gives  results  which  are  in  agreement  with  re¬ 
lative  calibrations  obtained  with  continuous  taws „  The  use  of  explo¬ 
sion  waves,  or  other  types  of  transients,  can  be  extended  to  the  rela¬ 
tive  calibration  of  projectors  and  other  linear  underwater  sound  trans¬ 
ducers  o 

27.  The  calibration  of  an  explosion  wave  or  other  transient  by 
means  of  a  standard  hydrophone  is  illustrated,  and  this  suggests  the 
possibility  of  utilising  a  standard  transient  rather  than  a  standard 
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hydrophone  for  calibrations <  As  much  qualitative  Information  concerning 
the  performance  of  a  unit  can  be  obtained  from  &n  examination  of  an 
oscillogram  of  its  response  to  an  explosion  wave,  it  is  suggested  that 
explosion  waves  can  be  used,  as  tools  of  analysis  in  underwater  sound 
research  in  the  same  way  that  square  waves  are  used  in  investigations  xof  m 
electrical  systems*  The  j^etfiodJ  adaptable  to  the  multiple  testing  ;o 

of  similar  units  by  c om^ari s o o f /th e  uniformity  of  their  response 
oscillograms. 

28.  A  determination  of  the  absolute  pressure  in  the  explosion  wave 
from  a  y8  blasting  cap  has  been  obtained  from  the  responses  of  standard 
hydrophones.  This  pressure  does  not  decrease  in  the  tail  of  the  wave  as 
much  as  the  simple  exponential  theory  indicates.  The  peak  pressure  so 


determined  agrees  well  with  that  obtained  by  other  methods 0 
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TYPICAL  OSCILLOGRAMS 
OL-A-3 
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200  JU  SEC  SWEEP 
MODULATION  FREQUENCY  200  KC 


400 >U  SEC  SWEEP 
MODULATION  FREQUENCY  200  KC 
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